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ABSTRACT 
The chromospherically active star HD 82558 is found to be a young, rapidly rotating K2 V single BY 
Draconis variable. The star has very strong Ca n H and K emission lines, very strong far-ultraviolet 
emission features, and an Ha line which is filled to the continuum level by emission. Its lithium 
abundance is greater than that of single Pleiades stars of similar spectral type indicating that HD 82558 
has an age <7.5 X 107 yr. Contrary to suggestions made by Eggen ( 1984), we find that HD 82558 has a 
constant velocity and is not a member of the Hyades Supercluster. Photometric light variations have an 
amplitude 0.1 mag in Vand a period of 1.66 days. This rotation period and a v sin i = 25 km s-1 imply 
an inclination of 70o-90°. Unlike most chromospherically active stars, the light curve appears to have 
been stable for several hundred rotation cycles. This behavior is reminiscent of that of the young, 
rapidly rotating, single K V variable H n 1883 in the Pleiades. We suggest that light-curve stability may 
be characteristic of young single chromospherically active stars. 
I. INTRODUCTION 
Bidelman (1981) and Heintz (1981) independently not- 
ed the presence of Ca n H and K emission in the dKO star 
HD 82558 [a = 9h 27I?6,0 = - 10°45' ( 1900) ]. From low- 
dispersion spectroscopic observations, Fekel, Moffett, and 
Henry (1986) identify the strength of the emission as class 
A, the strongest of Hearnshaw’s ( 1979) emission classes. A 
parallax of 0"075 + 0"012 (p.e.) (Jenkins 1963) confirms 
the dwarf classification and identifies HD 82558 as a nearby 
star. Eggen (1984) suggested that HD 82558 is a possible 
member of a group of stars he has called the Hyades Super- 
cluster and claimed its velocity is variable on the basis of 
three radial velocities with a range of 25 km s “1 ( Leaton and 
Pagel 1960). His photometry indicated light variations with 
an amplitude of 0.08 mag. Fekel, Moffett, and Henry ( 1986) 
found HD 82558 to be rapidly rotating, v sin i = 25 km s- ^ 
with a probably constant radial velocity and a strong lithium 
line. They suggested that the star is a young, rapidly rotat- 
ing, single BY Draconis star. In this paper we present new 
spectroscopic and photometric observations and give a more 
a) Visiting Astronomer, Kitt Peak National Observatory, National Optical 
Astronomy Observatories, operated by the Association of Universities for 
Research in Astronomy, Inc., under contract with the National Science 
Foundation. 
b) Operated by the Association of Universities for Research in Astronomy, 
Inc., under contract with the National Science Foundation. 
c) Guest Observer with the International Ultraviolet Explorer satellite. 
extensive discussion of the properties of this very interesting 
star. 
II. OBSERVATIONS AND REDUCTIONS 
From 1981 through 1985, 25 high-dispersion ground- 
based spectroscopic observations were obtained at Mc- 
Donald Observatory and Kitt Peak National Observatory 
(KPNO) with a variety of solid-state detectors (Table I). 
All observations were in the red region of the spectrum and 
have signal-to-noise ratios ranging from 30:1 to 120:1. Al- 
though most of the observations were centered at 6420 Á, 
several were centered at Ha and one was centered at the 
6707 A lithium line. The majority of the radial velocities 
were determined relative to ß Gem, an IAU velocity stan- 
dard, ox ß Vir, which have radial velocities of 3.3 km s-1 
(Pearce 1955) and 3.8 kms-1 (Fekel 1981), respectively. 
Table I. Telescope/detector combinations. 
Dispersion Resolution Wavelength Source 
Telescope Detector (A mm-1) (Á) range (A) code 
McDonald Reticon 4.4 
2.7 m 
Kitt Peak Fairchild 14.8 
coudé feed CCD 
RCA CCD 4.2 
14.8 
TI CCD 7.6 
14.8 
0.36 110 MR 
0.45 165 KF 
0.30 65 KR1 
0.90 228 KR2 
0.23 90 KT1 
0.44 178 KT2 
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Other reference stars and their assumed velocities are HR 
6469A, GL 380, and 61 UMa, which have velocities of — 0.2 
(Fekel, unpublished), — 26.1 (Young, Sadjadi, and Harlan 
1986), and — 5.4 km s-1 (Bopp, unpublished), respective- 
ly. Details of the cross-correlation reduction procedure have 
been given by Fekel, Bopp, and Lacy (1978). 
One ultraviolet spectroscopic observation of HD 82558 
was obtained with the short-wavelength primary (SWP) 
camevdi oí the International Ultraviolet Explorer (IUE) sat- 
ellite. This 60 min exposure, SWP 18519, was obtained 
through the large ( 10" X 20" ) aperture, has a resolution of 6 
A, and covers a wavelength region from 1200 to 2000 A. The 
observation was absolutely calibrated with standard com- 
puter-software routines at the Regional Data Analysis Fa- 
cility of the Goddard Space Flight Center. 
UBV photometric observations of HD 82558 (Table II) 
were obtained at KPNO during the interval 1982 November 
2-1984 March 20. The No. 2 0.9 m telescope was used with 
the automated filter photometer and a dry-ice-cooled 1P21 
photomultiplier. The comparison star used for our differen- 
tial observations was BD — 10°2856 (SAO 155267) with 
BD — 9°2858 (SAO 155262) used as a check star. The ob- 
serving and data-reduction routines for the photometry were 
described by Bopp et al. ( 1984). 
III. RADIAL VELOCITY 
Table III. Radial velocities of HD 82558. 
HJD Velocity Reference 


























ß Gem MR 
ß Gem KF 
ß Gem KF 
ß Gem KF 
ß Gem KF 
ß Vir KR1 
ß Gem KR1 
ß Gem KR1 
ß Gem KR1 
ß Vir KR1 
ß Vir KR1 
GL 380 KR2 
ß Vir KR1 
ß Vir KR1 
ß Vir KT1 
ß Vir KT1 
HR 6469A KT1 
HR 6469A KT1 
ß Vir KT1 
ß Vir KT1 
ß Vir KT1 
ß Vir KT1 
ß Vir KT1 
ß Vir KT1 
61 UMa KT2 
Despite the various reference stars used, the 25 velocities 
listed in Table III show little evidence for variability. All 
have values between 6.0 and 8.1 km s~1, except for the four 
observations obtained with the Fairchild CCD, whose aver- 
age is 2.5 km s-1 more positive than the average of the 21 
others. However, we have found comparable systematic ve- 
locity shifts for other stars observed on those nights, suggest- 
ing that the detector chip may have shifted position between 
the time of the reference-star observation and that of HD 
82558 (e.g., Parsons 1983). Excluding those four velocities, 
the average velocity is 7.3 + 0.6 (s.d. ). Two Kitt Peak radial 
velocities determined from plates have an average of 9.4 
kms-1 (Heintz 1981). Although it is never possible to 
Table II. KPNO photometry of HD 82558. 
HJD 

















































































V — 7.577 + 0.004 
- V) = 0.705 + 0.002 
- B) = 0.357 + 0.003 
prove completely that the velocity is constant, our observa- 
tions show no evidence of velocity variations. Thus, we reject 
Eggen’s ( 1984) claim that the radial velocity is variable and 
assume that HD 82558 is a single star with constant velocity. 
IV. PHOTOMETRIC VARIABILITY 
The photometric data showed a clear variation with an 
amplitude in F of 0.1 mag. Using standard period-finding 
techniques, we determined a period of 1.6603 days. The pho- 
tometry of HD 82558 presented by Eggen (1984), which 
overlaps our V data in time, confirms this period. Our V 
band observations are plotted with respect to this period in 
Fig. 1. 
The amplitude and shape of the light curve resemble those 
seen in other active-chromosphere stars (e.g., Bopp and 
Espenak 1977). In this case the photometric period repre- 
Fig. 1. V light curve of HD 82558. Phase is computed as <E> = JD 
2445275.993 + 1.6603 E. 
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sents the rotation period of the spotted star. With this period 
and y sin/= 25+ 2 kms-1 (Fekel, Moffett, and Henry 
1986), the minimum radius of the star is 0.82 + 0.07 Ä0. 
Allen (1973) lists a radius of 0.78 for a KO V star so the 
inclination of HD 82558 is in the range 70o-90°. 
Although stable light curves are not unknown among BY 
Dra variables, the usual tendency among such active-chro- 
mosphere stars is for their spot distribution to vary, resulting 
in changes of the photometric amplitude, phase, and/or pe- 
riod on time scales as short as 2-3 weeks (Oskanyan et al. 
1977). Recently, Alphenaar and van Leeuwen (1981) dis- 
covered that a number of Pleiades K dwarfs are short-period 
photometric variables whose light curves are extremely sta- 
ble for up to 1500 cycles (van Leeuwen and Alphenaar 
1983). Stauffer et ah (1984) observed a number of these 
stars and concluded that these stars are rapidly rotating sin- 
gle stars with active chromospheres. As will be shown in the 
next sections HD 82558 has an age similar to the youngest 
stars in the Pleiades cluster. Thus, it is of particular interest 
that the photometric period, and hence the starspot distribu- 
tion of another young single star, HD 82558, was apparently 
stable for 500 days or over 300 rotations. 
We suggest that the lack of tidal interactions, because 
these are single stars rather than binaries, may cause the spot 
distributions to evolve more slowly, resulting in stable light 
curves for a large number of rotation cycles. If correct, this 
would be an important difference between single and binary 
systems which could lead to a better understanding of the 
fundamental mechanisms of the starspot phenomenon. 
A comparison with binary BY Dra stars of similar spec- 
tral type and rotation period such as HD 166181, HD 
175742, HD 178450, and BD + 26°730 is thus of great im- 
portance. For HD 175742, Bopp et al. (1981) noted that 
during the period from April 1980 through November 1980 
(about 85 cycles) the star varied by about 0.1 mag, then 
appeared to be constant, and finally resumed its variability. 
Bopp et al. (1984) reported that by the spring of 1981 the 
period of light variability had changed significantly. For BD 
H- 26°730, Bopp et al. (1983) found erratic fluctuations of 
0.07 mag during the interval October 1979 to October 1980. 
During the first part of 1981, the star appeared to be quite 
constant in brightness. For the two other stars, HD 166181 
and HD 178450, the published photometric data are not 
complete enough to make any comparisons. These initial 
results indicate that a systematic study and comparison of 
binary and single stars should be undertaken. It would be of 
great interest to learn whether the rotational modulations in 
the Ca il H and K flux (e.g., Wilson 1978; Vaughan et al. 
1981 ) are also stable in these very active young single stars. 
V. ACTIVE-CHROMOSPHERE CHARACTERISTICS 
One of the defining characteristics of active-chromo- 
sphere stars (Hall 1976; Bopp and Fekel 1977) is strong 
Ca il H and K emission. Heintz ( 1981 ) and Fekel, Moffett, 
and Henry (1986) have noted that such strong emission is 
indeed present in the spectrum of HD 82558. 
Rapid rotation is seen in virtually all chromospherically 
active stars. For binary stars this rapid rotation results from 
tidal interactions which in most cases keep the stars rotating 
rapidly and usually result in nearly identical rotational and 
orbital periods. For single late-type stars the rate of rotation 
decreases with time (Skumanich 1972; Soderblom 1983; Si- 
mon, Herbig, and Boesgaard 1985 ) as a result of magnetic 
braking. The chromospherically active BY Draconis vari- 
1152 
ables consist of both binary and single late-type dwarfs. 
Bopp and Fekel ( 1977) have postulated that an equatorial 
velocity of 5 km s“1 or more is required to produce such 
active stars. With v sin i = 25 km s~ \ HD 82558 is certainly 
such a rapidly rotating dwarf. 
In late-type dwarfs Ha emission is also a good indicator of 
chromospheric activity. Bopp et al. (1981) conclude that 
the detection of Ha emission above the continuum or even a 
filled in Ha absorption line is sufficient to indicate that a K- 
M dwarf is a BY Dra variable. As shown in Fig. 2, the Ha 
line of HD 82558 is completely filled by emission. The pro- 
file’s appearance is quite similar to that shown in Fig. 12 of 
Fekel, Moffett, and Henry (1986). 
The spectrum obtained with the SWP camera (Fig. 3) 
shows ultraviolet emission features typical of chromo- 
spherically active stars. Table IV gives the emission-feature 
identifications and the observed fluxes. These values were 
converted into surface fluxes following the procedure of 
Linsky et al. ( 1979). Since the F — R colors of active stars 
have color excesses relative to inactive ones (Fekel, Moffett, 
and Henry 1986), a value of F— R = 0.74 consistent with 
the observed average B —V color was taken from Johnson 
( 1966) for use in determining fluxes. Also listed are the nor- 
malized line fluxes, which are distance independent, thus 
giving the fraction of total stellar luminosity in each line. The 
surface fluxes (Table IV) are equal to or greater than those 
of BD + 26°730 (Bopp etal. 1983), an extremely active BY 
Dra variable of nearly the same rotational period, and are >5 
times greater than those of young rapidly rotating solar-type 
stars like tt1 UMa and 111 Tau (Simon, Herbig, and Boes- 
gaard 1985). 
VI. DISCUSSION 
From Table II our average values oîB — Vand U — B are 
0.910 and 0.544, respectively. These values correspond to 
spectral classifications of K2 V and Kl V, respectively 
(Johnson 1966), and are consistent with the appearance of 
our red-wavelength spectrograms. 
As Eggen (1984) pointed out, the trigonometric parallax 
of 0"075 + 0"012 (p.e.) is much too large for a main-se- 
quence early K star. Assuming mv =7.8 mag, such a paral- 
lax results in an absolute visual magnitude Mv =7.2 mag. 
From Lacy (1977) and Allen (1973) a more appropriate 
Mv for a K2 V star is 6.0 mag, resulting in a parallax of 
0"043, while even Mv = 6.5 results in a parallax of only 
Fig. 2. A portion of a KPNO CCD observation showing the Ha re- 
gion of HD 82558. Note that the Ha absorption line is completely 
filled by emission. 
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Fig. 3. IUE low-resolution short-wavelength observation of HD 82558. 
Plotted is the flux observed at the Earth. The Lya line is contaminated 
by geocoronal emission. 
(X'055. Obviously, a new parallax determination for this 
bright nearby star is badly needed. 
Eggen ( 1984) suggested that HD 82558 may be a member 
of the group of stars he calls the Hyades Supercluster. We 
have computed the galactic velocity components for HD 
82558 from the SAO proper motions, our newly determined 
value of its radial velocity, 7.3 km s"1, and a range of dis- 
tances that includes the trigonometric parallax of 0"075 and 
spectroscopic parallax of 0"043. In Table V the resulting U, 
V, and W velocity components are compared with the values 
for the Hyades Super cluster (Eggen 1984). It is obvious that 
the space motions of HD 82558 are quite different from 
those of the supercluster. They are, however, consistent with 
its being a young-disk star as defined by Eggen ( 1969). 
It has been known for a number of years that the rota- 
tional velocity of late-type single stars and the strength of 
Ca il H and K emission decrease with age ( Skumanich 
1972). The surface abundance of lithium in late-type stars 
also decreases with time and the rate of decrease increases 
with later spectral type (Zappala 1972; Duncan 1981). Re- 
cently, the status of the correlation between lithium deple- 
tion and stellar age for solar-type stars has become less clear. 
Spite and Spite (1982) have found that old-disk stars of solar 
type have approximately the same abundance of lithium as 
stars of solar type in the Hyades. Duncan (1981) also found 
a group of stars with weak calcium K line emission and high 
lithium abundance. Although these studies indicate that 
lithium depletion may take place at different rates for differ- 
















































a /bo, is the apparent bolometric luminosity. 

























Supercluster + 41.4 • 18.5 1.9 
ent groups of stars, if a late-type single star is very young as 
indicated by strong Ca n H and K emission, it should have a 
strong lithium line (Duncan 1981 ). 
A portion of a CCD observation of the lithium region is 
shown in Fig. 4. As noted by Fekel, Moffett, and Henry 
( 1986) the lithium line at 6707.8 Á is stronger than the Ca I 
line at 6717.7 A, a line often used for determinations of the 
relative lithium strength (e.g., Danziger and Conti 1967). 
The equivalent width of the lithium line is 234 mA compared 
with 220 mA for the Ca I line. Compared to the lithium equi- 
valent widths of single Pleiades stars (Fig. 6 of Duncan and 
Jones 1983 ), the observed value in HD 82558 is substantially 
greater than that seen in Pleiades stars of similar tempera- 
ture. From curves of growth shown in Fig. 3 of Duncan and 
Jones ( 1983) log «(Li) = 2.8 for HD 82558. This is some- 
what less than the primordial value log «(Li) = 3.3 + 0.1 
(Duncan 1981) but substantially greater than the value pre- 
dicted by Bodenheimer (1965) after pre-main-sequence 
mixing occurs. Figure 5 is a plot of the Pleiades lithium 
abundances from Duncan and Jones (1983) compared with 
that of HD 82558. Duncan and Jones found a dispersion in 
the abundances at Tc — 5200 K. They suggested that the 
most likely reason for the spread is an age dispersion in these 
cooler stars, but they could not rule out completely several 
other possibilities. Although this dispersion of abundances 
complicates the picture and there are only two Pleiades stars 
with temperatures similar to that of HD 82558, we conclude 
that HD 82558 is at least as young as the youngest Pleiades 
stars. This cluster has an age of 7.5 X 107 yr (Harris 1976) 
determined from the turnoff point of upper-main-sequence 
stars. 
Fig. 4. Lithium line region of HD 82558 and ß Vir. Note that in HD 
82558 the Li i line is stronger than the Ca i line. 
© American Astronomical Society • Provided by the NASA Astrophysics Data System 
1154 FEKEL ETAL. : HD 82558 1154 
Te 
stars in the cluster, they also suggested that the Pleiades K 
stars may then be spun down on a time scale of 2-3 X107 yr. 
HD 82558 appears to be a field star in one of these two stages 
of evolution. 
Finally, we note that it is unusual but not unprecedented 
to find a very young late-type field star in the solar neighbor- 
hood. Bopp ( 1974) reported detection of the lithium feature 
in the Mle dwarf Gliese 182, implying that this field star is 
also a very young object, since it has strong H and K emis- 
sion and rapid rotation. 
Fig. 5. Lithium abundances of Pleiades stars (Duncan and Jones 
1983) compared with that of HD 82558. The plus is HD 82558. Dots 
are single Pleiades stars. Light circles are Pleiades binaries. 
Stauffer et al. (1984) suggested that the rapidly rotating 
Pleiades K stars have been spun up during radiative track 
contraction. Since there are also some slowly rotating K 
We wish to thank Y. Kondo and the staff of the IUE Ob- 
servatory for their help with the acquisition and reduction of 
the ultraviolet spectrum. This research has been supported 
in part by NASA grant NAG 5-146 to the University of 
Hawaii, by NSF grant AST 81-15098 and NASA grant 
NAGW-229 to B. Bopp, and by NASA grant 5-397 to F. 
Fekel. 
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